
Fluid modeling with OptiStruct 
 

Introduction 
 

In order to model fluid-structure interaction with OS one should consider the type of fluid he 
wants to study. One way is to look at the bulk modulus of the material that can be defined as: 

𝛽 = 𝜌𝑐2 

where ρ is the density and c is the speed of sound. Since compressibility is the inverse of the bulk 
modulus, fluids with high β are considered incompressible or nearly incompressible, instead 
fluids with low β are considered compressible. For example, bulk modulus of water is around 
2011MPa, of air is 0.118 MPa. 

FSI can be modeled in two ways in OS: 

1. with virtual fluid mass approach, that is a method to mimic the behavior of fluids inside 
recipients without the need to create an explicit mesh for the fluid; 

2. with acoustic coupling and explicit fluid modeling with mesh, material and property. 
 

 
Figure 1: VFM 

 
Figure 2: Acoustic FSI 

 

Heavy fluids 
 

To model heavy, incompressible fluids in OS, like water, it is recommended to use virtual fluid 
mass with MFLUID card. 

Virtual fluid mass does not require a mesh for the fluid, and it is valid under the assumptions: 

❖ the fluid is inviscid and incompressible. The fluid flow is a potential flow; 
❖ because the fluid is nearly incompressible, the structural modes are below the 

compressible fluid modes; 
❖ there is no gravity effect or sloshing effect; 
❖ there is no acoustic effect involved. The modes from the structural side do not couple 

with the modes of the nearly incompressible fluid modes; 
❖ fully enclosed wet surface without any open surface is not recommended. 



The math hypothesis of the fluid: 
 
∇2𝑃 = 0 
 
With boundary conditions: 
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❖ n is the surface normal; 
❖ ρf is the fluid density; 
❖ ω is the circular frequency; 
❖ wn is the structural displacement in the normal direction; 
❖ Af is the structure-fluid interface; 
❖ Ar is the free liquid surface. 

 

 

Figure 3: fluid boundaries 

 

Light fluids 
 

Light, compressible fluids, like air, can be modeled with acoustic coupling, represented by 
ACMODL card. 

This method requires the creation of a fluid solid mesh with relative material, (MAT10) and 
property. 

 

 

Figure 4: PFLUID option 

 



The acoustic equation implemented by ACMODL: 
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If the 2nd order derivative of pressure in time domain 𝑃̈ is neglected, the remaining equation is the 
same formulation of virtual fluid mass. This can be achieved with a p = 0 boundary condition on 
the free liquid surface. 

 

Tank model partially filled with water 
 

We will compare the results of the 2 methods on the model of tank shown in Figure 5 filled with 
water. 

 

Figure 5: Experimental test setup on a partially filled tank 

 

Experimental results are available for this model as reference for the numerical investigation. 

The tank model is represented with cquad8 elements, the fluid with chexa, 1st order elements. 
The case with a tank filled at 50% of its height is investigated. 

The model with MFLUID card is set in order to have a wet surface extended to half the height of 
the cylindrical surface with fluid density ρ= 1e-9ton/mm3. 

 



The acoustic coupling model is realized with ACMODL card, MAT10 for the fluid mesh with: 

❖ ρ= 1e-9ton/mm3; 
❖ c = 1481 m/s2; 
❖ p =0 on the free liquid surface. 

 

 

 
Figure 6: Mfluid tank model 

 

 
Figure 7: ACMODL tank model 

 

Frequencies of the first 6 modes are reported for the experimental test and the model with virtual 
fluid mass. 

 

 

Figure 8: Comparison between experimental and OS modeshapes 

 



Figure 9 reports the complex plot of the FRF comparison on the 500 – 1000Hz range of analysis 
for 3 cases: 

1. modal FRF + MFLUID 
2. modal FRF + ACMODL 
3. direct FRF + ACMODL and p =0 on the free liquid surface. 

 

Figure 9: Complex plot of FRF comparison 

 

The reference is represented by the mfluid approach, that is validated with the experimental test. 

Acoustic coupling method with direct approach and bc on the free liquid surface shows 
acceptable accuracy in the range of the analysis.  

The modal method is less accurate and should be avoided for modeling heavy fluids. The 
explanation is found in the separation between natural modes of fluid and structure. From Figure 
10 you can see that frequencies of the structure are well below the frequencies of the fluid and 
do not couple in an effective way. 

 

Figure 10: Fluid and structure natural frequencies 



Conclusion 
 

Mfluid is the recommended method for capturing dynamics of tanks with heavy fluids. 

Acoustic coupling can be used for light fluids. It can still be used to a certain degree for heavy 
fluids with direct approach, adding a 0-pressure boundary condition on the liquid free surface. 

Modal method with acoustic coupling is not to be used for heavy fluids, as the modes of the fluid 
and the structure are separated and do not couple, resulting in an inaccurate solution. 

  



Appendix A: FSI math check at matrix level 
 

The tank is simplified as much as possible to be represented by a limited amount of dofs that can 
be easily handed. The model of Figure 11 consists of 24 structural and 8 fluid dofs. Water is the 
fluid. 

Model #1 is solved with mfluid approach, model #2 is solved with acoustic FSI. Full mass, 
stiffness and acoustic coupling matrices are reduced in punch format. 

Matrices are reconstructed in Altair Compose™ and modal and FRF analysis are carried on. 

 

Figure 11: simplified tank model with fluid 

 

Model #1 
 

Model #1 has structural grids only; K and M matrices are 24 x 24. Mass matrix is a diagonal matrix 
except for the portion where the wet elements set is defined in the mfluid card to represent the 
fluid-structure interface. This portion is an 8 x 8 quadrant. 

 

Figure 12: M matrix of model with Mfluid 

 

Compose eigensolver is used to compute the eigenvalues of the model and the natural 
frequencies are computed. 



 

Figure 13: Compose solver 

 

24 frequencies are identified for the model: 

 

Figure 14: natural frequencies of model with mfluid 

 

Model #2 
 

Model #2 has both structural and fluid components. K and M are block matrices where {s} and {f} 
define respectively the structural and fluid portion and A is the acoustic coupling matrix, that 
contains area values of superposition between structure and fluid mesh. 

 

Figure 15: Acoustic coupling matrix 

 

Coupling matrix A can be extracted with PARAM, AGGPCH, YES. 

To determine the coupled fluid-structural modes, the modal analysis reduces the system to: 
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Figure 16: K matrix of FSI 

 

Figure 17: M matrix of FSI 

 

Compose eigensolver is used to compute the eigenvalues of the model and the natural 
frequencies are computed. 

 

Figure 18: Compose solver 

32 coupled frequencies are identified for the model: 

 

Figure 19: coupled FSI model natural frequencies 



The model has been excited in the lateral direction with a 5G load and the frequency response 
analysis has been carried out. 

The results for methods with mfluid, direct fsi and modal fsi are compared in Figure 20 and Figure 
21. 

 

 

 
Figure 20: FRF comparison, magnitude 

 

 
Figure 21: FRF comparison, phase angle 

 

Accuracy of the fsi solution drops above 2khz. 


